Sex-discriminating facial features are examples of visual information involved in guiding social behavior. We used functional magnetic resonance imaging (fMRI) to assess brain responses in face-relevant brain areas in men and women during exposure to neutral male and female faces. An increased fMRI signal was found in the left amygdala and adjacent anterior temporal regions in men, but not in women, during exposure to faces of the opposite versus the same sex. These data indicate that the relationship between the sex of the subject and the sex of the face a¡ects activity in the inferior temporal lobe. The sex-di¡erential nature of this activation pattern may re£ect sex di¡erences in cognitive style and attentional processes when confronting faces of the opposite sex. 
INTRODUCTION
A face contains a great deal of information that can be processed in less than 1 s [1] . Although the specific facial features that allow assignment of sex have not yet been determined, the sex of a face is one piece of social information that is rapidly and accurately classified [2] .
The amygdala plays a role not only in the perception of facial emotions, but also in more complex social judgments such as race, attractiveness, and trustworthiness of a face [3] . For example, Hart and colleagues [4] used functional magnetic resonance imaging (fMRI) to compare amygdala activation in black and white participants during exposure to black and white faces. The results showed that the amygdala responded initially to both in-and out-group faces in black and white participants alike, although amygdala responses to in-, but not out-group faces, attenuated as a function of repeated exposure. These data indicate that neural activity in the amygdala is affected by the relationship between the identity of the sender and the receiver.
Although both men and women rapidly and efficiently determine the identity of a face, women typically outperform men on such tasks [5] . Several studies show that women are better than men at recognizing faces [6, 7] . The female advantage in face recognition appears to be largely due to a superiority in recognizing female faces [8] . The aim of the current investigation was to assess sex differences during exposure to pictures of neutral faces of the same or the opposite sex. fMRI was used to measure blood oxygenation level dependent (BOLD) signal in men and women during passive viewing of epochs of pictures of male and female faces. Although we were particularly interested in potential sex differences in amygdala activation, other brain regions that comprise the human neural system for face processing were also examined [9] . Haxby and colleagues [9] proposed a distributed neural network for face perception that includes a core system for visual analysis, consisting of regions in the occipitotemporal cortex, as well as extended systems for further processing of semantic (the anterior temporal cortex) and emotional (the amygdala) information. In this study, we explored whether the amygdala and other regions in this neural face perception system [9] would demonstrate differential response patterns in men and women during exposure to neutral male and female faces [10] . To account for potential sex-related differences in how emotional the neutral male and female faces were perceived, both men and women rated the degree of negative emotionality in the depicted faces. Further, to control for potential non-sex related differences between different facial stimuli, all subjects viewed the same male and female faces in a counterbalanced fashion.
MATERIALS AND METHODS
Subjects: Subjects were 24 healthy, right-handed, adults (12 male, 12 female) between 20 and 30 years of age. No subject had any previous or current psychiatric, neurological or medical disease, and none was taking psychoactive medication or misused any substances. None of the participating women were pregnant. However, the women were in different phases of their menstrual cycle, and one woman used oral contraception. Written informed consent was obtained prior to the investigation. The study was approved and conducted in accordance with guidelines established by the ethical committee at the Karolinska Hospital.
Procedure: Subjects were positioned supine on a padded scanner bed in a dimly illuminated room, and wore foam ear plugs as well as external ear protection to attenuate scanner noise. During fMRI data acquisition, all subjects passively viewed pictures of male and female faces [10] during a single 6 min run. This run was composed of fifteen 24 s epochs with neutral as well as angry and fearful male or female face stimuli, or a single cross on an otherwise blank screen that served as a low-level fixation condition ( + ). In this study, only BOLD fMRI data from the neutral face epochs were further analyzed. Each face stimulus was presented for 200 ms with an interstimulus interval of 300 ms [11, 12] . The low-level fixation condition ( + ) served as the first, middle and last epochs in the run. The neutral male face epochs bracketed angry and fearful male face epochs, whereas the neutral female face epochs bracketed the angry and fearful female face epochs. During scanning, half of the men and half of the women first viewed all male face epochs and then all female face epochs, whereas the reverse was true for the remaining men and women. Within each epoch, faces were presented in semi-random order both within and between subjects. Specifically, the pictures were presented in counterbalanced order, with the exception that the same face never appeared twice in consecutive order. Before scanning, subjects were instructed to lie quietly and fixate the presented faces at the level of the eyes (i.e. passive viewing). This passive viewing paradigm was used because we were interested in studying general sex differences in brain function during perception of between-group matched faces of the same vs the opposite sex. After the experiment, subjects rated the emotionality of the presented faces to validate the degree of emotional significance of each face. None of the participating subjects admitted having seen the experimental faces before.
Subjective ratings: A sample of the participating men (n ¼ 9) and women (n ¼ 10) rated the degree of anger and fear in each of the depicted male and female faces [10] (range 0-100; 0: minimum, 100: maximum).
Face stimuli and apparatus: Face stimuli consisted of bitmap picture files displaying six male and six female individuals [10] . These picture files were presented by means of standardized software (ERTS; Berisoft Corp., Germany) using a IBM Thinkpad 390 computer (IBM, USA) and projected via a Philips Hopper HG 20 Impact LCD projector (Philips Corp., Netherlands) positioned inside the scanner room onto a rectangular screen, positioned in the scanner room, B3 m in front of the subject. Stimuli were presented via a mirror system (prism and oculars) mounted on top of the headcoil positioned B2 cm from the subject's eyes.
Imaging procedure: Whole-brain imaging data were acquired on a 1.5 T GE Signa Echospeed MR scanner (GE Medical Systems, USA), using a standard circular head coil. T1 weighted 3D SPGR images (TR ¼ 24 ms, TE ¼ 6 ms, flip angle ¼ 351) were acquired for anatomical co-registration in 124 contiguous 1.5 mm coronal slices (image resolution ¼ 256 Â 256 Â 186 mm, voxel size ¼ 0.9 Â 0.9 Â 1.5 mm). Functional images were acquired using a T2*-sensitive gradient echo-EPI sequence (TE ¼
Functional images were first realigned and unwarped (pitch and roll) to account for potential movement by field inhomogeneity interaction effects [13] , then normalized to a standard template using SPM2 (Wellcome Department of Cognitive Neurology, UK). Normalized images were spatially smoothed with a Gaussian filter of 12 mm full width at half maximum (FWHM). High-and low-frequency noise and differences in global signal between subjects were removed using a high-pass filter and a low-pass filter and global scaling, respectively. The analysis was performed in two steps. Individual contrasts (male facesÀfemale faces and female facesÀmale faces) were analyzed with a fixedeffects model [14] and group data were analyzed using a random-effects model [15] . Effects were modeled using a box-car convolved with a canonical hemodynamic response function. For the group analysis, functional images from the different conditions were contrasted to create a single contrast image per participant and contrast. To identify regions recruited across participants that were relatively activated or deactivated by perception of male and female faces, two-sample and one-sample t-tests were performed on these contrast images to create a series of SPM maps depicting differences in brain activation between and within the two sexes. The non-linear transformation described at www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html was used to transform MNI coordinates (Montreal Neurological Institute, Canada) to Talairach coordinates [16] . We report results in a priori regions of interest (the amygdala, the anterior temporal cortex, the occipitotemporal cortex) [9] at p o 0.001, uncorrected for search volume. Activations in other brain regions are reported as significant at p o 0.05, corrected for search volume. Follow-up tests were conducted using the voxel cut off p o 0.05, uncorrected for search volume.
RESULTS
Behavioral data: To investigate how emotional the male and the female faces were experienced, samples of men and women rated the 12 faces in terms of how angry and fearful they perceived each face. Both men and women rated the male and female faces as being equally expressive, both in terms of anger (for men, mean 7 s.d. ¼ 11.8 7 9.6 and 10.0 7 10.5, respectively, p 4 0.25; for women, 12.5 7 14.2 and 10.5 7 12.0, respectively, p 4 0.15) and fear (for men, 3.3 7 3.7 and 3.9 7 7.1, respectively, p 4 0.25; for women, 5.8 7 7.9 and 7.2 7 8.6, respectively, p 4 0.50). There were no differences between the participating men and women regarding the degree of expressiveness in the overall ratings (p40.50).
fMRI data: A significant BOLD fMRI signal difference was demonstrated in the left amygdala (t ¼ 3.57 in peak voxel, p o 0.001 uncorrected for search volume; Talairch coordinates À20, À3, zÀ20) when men, compared to women, viewed pictures of female vs male faces (Fig. 1) .
Subsequent tests showed that this difference reflected a greater left-sided amygdala activation in men during exposure to female vs male faces (t ¼ 2.30 in peak voxel, p o 0.05 uncorrected for search volume) than for the remaining combinations of sex of subject and sex of face. Compared to baseline only the amygdala activity in men to female faces reached the significance threshold (t ¼ 2.30 in peak voxel, p o 0.05 uncorrected for search volume). A significant sex of subject by sex of face effect was also obtained in the left anterior temporal cortex (Brodmann areas 28, 34 and 38; t ¼ 4.44 in peak voxel, p o 0.001 uncorrected for search volume; Talairch coordinates À22, 6, À16). Follow-up tests showed that this anterior temporal cortex difference was due to enhanced activation in men during exposure to female compared to male faces (t ¼ 2.30 in peak voxel, p o 0.05 uncorrected for search volume). In addition, compared to baseline, only the anterior temporal cortex activation in men during exposure to female faces reached statistical significance (t ¼ 2.80 in peak voxel, p o 0.05 uncorrected for search volume). Exclusion of the woman who used oral contraception did not alter these findings. No significant sex of subject by sex of face effects were obtained in any other brain region.
DISCUSSION
The present results demonstrate a greater left-sided BOLD fMRI response in the amygdala and anterior temporal cortex regions in men to female compared to male faces, a response pattern not seen in women. No amygdala or anterior temporal cortex activation was reported in a recent fMRI study [17] in which men and women viewed attractive faces of the opposite sex. To our knowledge, the current data represent the first demonstration of enhanced amygdala and anterior temporal cortex involvement in men during perception of faces of the opposite sex. These data are in agreement with other studies [4, 18] demonstrating a role for the amygdala in perception of social signals related to the identity of the face of the sender. Specifically, as in the study of Hart et al. [4] , the amygdala was more activated to out-group than to in-group faces. Thus, the present results indicate that the amygdala and the anterior temporal cortex may have a role in the perception of sex discriminating social signals in faces, particularly so for men.
The behavioral meaning of this sex-differential neural response remains unclear. However, one possibility is that it reflects sex differences in cognitive style when confronting faces of the opposite sex. According to evolutionary based hypotheses concerning sex differences in mate selection preferences [19] , women are more likely than men to seek a mate who possesses non-physical characteristics such as socio-economical status that would maximize the survival or reproductive prospects of their offspring. Support for this hypothesis comes from self report data on mate preferences [20] , indicating that physical attractiveness is more important to men, whereas non-physical preferences such as status and monetary resources are more important to women. Such difference in mate selection preferences may imply that men attend more to physical attributes in the face of the opposite sex compared to women. If so, the sexdifferential amygdala activation may reflect enhanced vigilance in men towards behaviorally meaningful stimuli in the external environment, in line with previous data [21] and theory [22] . Although the present findings may reflect sex differences in mate-selection preferences, it should be noted that the female subjects were in different phases of their menstrual cycle. This could have affected their mate preferences and, consequently, their amygdala and anterior temporal cortex activity. Support for this proposal comes from studies showing that physically related mate preferences vary across different phases of the menstrual cycle [23] , as do other sexually relevant aspects of women's categorization of men [24] . Thus, to the extent that the enhanced temporal lobe activity in men during exposure to the opposite sex reflects consideration of mating behaviors, the lack of enhanced amygdala and anterior temporal cortex activation in women during exposure to male faces could partly reflect inter-individual differences in how the male faces were perceived. An interesting implication of this possibility is that women may exhibit a similar neural activation pattern to the opposite sex as men when tested around the time of ovulation. 
CONCLUSION
No enhanced brain activation was demonstrated in women compared with men during exposure to neutral female vs neutral male faces. Hence, no perceptual differences were evident that could explain women's better memory for faces of the same sex, as demonstrated in a previous behavioral study [8] . Rather, this study demonstrated differential amygdala and anterior temporal cortex activation in men and women during exposure to male and female faces, with higher activation in men during exposure to female faces. These data are in line with recent brain imaging studies demonstrating sex differences in patterns of brain activation for different domains of functioning such as processing of musical information [25] and emotional memory [26] . However, the exact role of the amygdala and the anterior temporal cortex in processing facial sex information remains unclear. Future studies should disentangle the potential origins of this intriguing effect.
